INTRODUCTION
The performance parameters of a superconducting cavity, notably accelerating field and quality factor, are first obtained in a cryogenic vertical test Dewar, and again after the final assembly in its cryostat. The tests involve Network Analyzer (NA) measurements in which the cavity is excited through an input coupler and the properties are obtained from the reflected signal at the input and the transmitted signal from the output coupler. The interpretation of the scattering coefficients in terms of field strength requires the knowledge of the Fundamental Power Coupler (FPC} and Pick-Up (PU) coupler strength, as expressed by their "external" and
The coupler strength is independent of the field level or cavity losses and thus can be determined at low levels with the scattering coefficients and , assuming standard 50 Ω terminations in the network analyzer. Also needed is the intrinsic cavity parameter,
, a quantity independent of field or losses which must be obtained from simulation programs, such as the Microwave Studio.
At resonance one finds the power into the cavity, representing the loaded cavity losses, as difference, , directly from the directional coupler in the input waveguide where in f r P P P = − f P and is the forward and reflected power. Alternatively, the power into the cavity is given from the forward power alone as [1] 
The transmitted power at the PU, indicating the cavity voltage, is given as
A convenient method for finding the external Q 's involves achieving critical coupling on the input side by arranging that the coefficient , corresponding to , providing and together with ,
This method is not practical for superconducting cavities at room temperature, and difficult to achieve during cool down. A general procedure, used in the March 11 cool down of the ERL cavity is the topic of this Technical Note.
THE FUNDAMENTAL POWER COUPLER
The measurements to determine the external Q of the FPC coupler involved the use of a network analyzer, Agilent E5071C, and the interpretation of the results via the equivalent circuit shown in Fig. 1 . Note that the coupling to the PU probe is sufficiently weak to be ignored, 0 , PU F Q Q Q P C .
FIG. 1. Equivalent Circuit for the FPC modeled with a transformer
The circuit elements (in circuit definition) are related to the simulated cavity properties as follows: The Q-external due to the 0 R termination is now found from
The contribution from the extremely weak PU coupler, PU Q , can be considered by 
The system is nonlinear and can be solved numerically with the MATHEMATICA program, or by iteration in view of before going superconducting. (1 )
The external was defined above in terms of the reflection coefficient, and taking the applicable simplification, , one finds the loaded quality factor,
A convenient method to find the PU Q would involve adjusting the input to critical coupling yielding at resonance . 
FPC calibration.
The interpretation of the measurement data is done with a correction of the 11 S offset, assuming that it is caused by a calibration error. The data and the results for the FPC collected in Table I 
Determination of the PU external Q
The PU Q is found according to
and can now be obtained based on the above data, with results listed in the 
Extraneous Losses
The foregoing numerical analysis assumes that the off-resonance 11 1 S < is caused by calibration errors and can be corrected by an appropriate division. Losses extraneous to the superconducting cavity such as a FPC loss should be treated directly. The suspected heating of the FPC at higher currents points to transmission line losses that is represented as a resistor on the circuit diagram in Fig. 6 . This resistor TL R must be placed ahead of the transformer, is unchanged when changes, and follows directly from the off- Again, assuming zero calibration errors in the ERL cavity data, listed in Table I, 
